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INTRODUCTION
Significant increase in the number of microbodies
(peroxisomes) occurred in male rat liver following
continuous administration of Clofibrate, ethyl-a-
p-chlorophenoxyisobutyrate (CPIB) (25, 26), a
hypolipidemic drug (2, 22) . In addition, paral-
lelism was observed between catalase activity in
the liver and the numerical increase in microbodies
(26). Further studies in our laboratory revealed
that proliferation of hepatic microbodies and in-
crease in catalase activity following CPIB was
related to testosterone. It was shown that increase
in microbody number could be achieved in the
livers of ovariectomized female rats given testos-
terone, or abolished in male rats by orchiectomy
and administration of estradiol benzoate (27) .
Feinstein and his colleagues (10) described the
development of five strains of mice with mutational
variations in blood and solid tissue catalases, in-
cluding one acatalasemic strain designated as Csb .
The catalase activity of the liver in these acatalase-
mic mice is approximately 25% of the normal,
with minor modifications in the catalase molecule .
Therefore, it was of interest to compare the
microbody response to CPIB in acatalasemic mice
to that in the wild type mice (Csa strain) from
which the acatalasemic mutants were derived . A
sex difference in microbody proliferative response
to CPIB is present in rats, C 3H mice (26, 27) and
in wild type (Csa) mice, but by contrast both male
and female acatalasemic mice given CPIB showed
significant increase in hepatic microbodies . In-
terestingly, however, there was no measurable in-
crease in catalase activity in the acatalasemic mice
despite significant increase in the number of micro-
bodies, whereas in male Csa mice increase in
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587microbody number was associated with elevation
of hepatic catalase activity . This apparent disparity
between the numerical increase in microbodies and
the unaltered catalase activity in acatalasemic
mice prompted us to investigate further the peroxi-
dase activity of microbodies (8, 21) in acatalasemic
mice given CPIB, since peroxidatic activity has
been attributed to microbody catalase (8).
MATERIALS AND METHODS
The acatalasemic (Cs'~ strain) and wild type (Cs'
strain) mice were from a colony derived from mice
originally obtained through the generous cooperation
of Dr. Feinstein, Argonne National Laboratory,
Argonne, Illinois. All animals used in these experi-
ments weighed between 20-30 g. CPIB was adminis-
tered in ground Purina Chow in a concentration of
0.25% (25, 26) .
For electron microscopy, tissues were fixed for 1-2
hr in 2% osmium tetroxide buffered with s-collidine,
dehydrated in a graded series of alcohols, and
embedded in epoxy resins . Thin sections were cut on
an LKB ultramicrotome, stained with lead hydroxide
(15) and examined in an RCA 3G electron micro-
scope.
Cytochemical Demonstration of
Peroxidase Activity
The livers of normal and CPIB-treated acatalasemic
mice were perfused via the portal vein with 1 .5%
distilled glutaraldehyde in 0.15 M phosphate buffer,
pH 7.4 ; small pieces of liver were fixed overnight in
the same solution. Frozen sections, 40 u thick, were
cut and incubated at 37°C for 30-60 min at pH 7.6
or pH 8.0 in the diaminobenzidine (Sigma Chemical
Co., St. Louis, Missouri) reaction medium of Graham
and Karnovsky (12), containing hydrogen peroxide
(9). Controls consisted in incubations in which 0 .02
M 3-amino-1,2,4-triazole (K & K Laboratories Inc .,
Plainview, New York) was added to the medium, or
in which either H202 or 3,3-diaminobenzidine was
omitted (13). Following incubation, the tissues were
postfixed in osmium tetroxide and processed for
electron microscopy as described above.
Biochemical Methods
Catalase activity was determined by the spectro-
photometric method described by Lack (18) after 24
hours of extraction. Total proteins were determined
by the Lowry method (16).
RESULTS
Microbodies were present in the livers of both
sexes of acatalasemic (Csb) and wild type normal
(Csa) mice but they were few in number (Fig . 1) .
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These organelles were smaller and more variable
in shape than those in rat liver or kidney, and they
contained a highly variable, angulated, electron-
dense central core or nucleoid (Fig . 2) . Connec-
tions between microbodies and membranes of the
smooth endoplasmic reticulum were noted oc-
casionally.
Both in male and female acatalasemic mice
given CPIB, marked increase in number of micro-
bodies was observed in all hepatocytes during the
first week. With prolonged administration of
CPIB, the increase in microbody population per-
sisted in both sexes of acatalasemic mice (Figs .
3 and 4). Numerous microbodies lacked nucleoids
during the initial stages of CPIB treatment, but by
36 days most of them had an irregular nucleoid
(Fig. 3) .
The increase in microbody population was ob-
served in the livers of both sexes of acatalasemic
mice, but by contrast in the wild type (Cs') strain
only the livers of male mice given CPIB showed an
increase in microbodies while the female Ca mice
showed no response even after 5 months of CPIB
administration.
Catalase Activity
The results of the determination of catalase
activity in livers of male acatalasemic (Csb) and
male wild type (Csa) mice are shown in Table I .
The catalase activity in male Csa mice given
CPIB corresponded closely to the increase in
microbody population. In striking contrast, how-
ever, the catalase activity in male acatalasemic
mice treated with CPIB showed no significant
increase although the microbody proliferation was
comparable to or slightly greater than that noted
in male Cs' mice. In contrast to female rats (26)
and female Cs' mice, the female acatalasemic mice
given CPIB showed significant increase in micro-
body number but, like acatalasemic males given
CPIB, they showed no elevation in catalase ac-
tivity.
PEROXIDASE
GENERAL COMMENTS : Sections of glutaral-
dehyde-fixed tissues incubated at pH 8 .0 for 30
min showed more intensity of the reaction product
than when incubated at pH 7.6. A longer period
of incubation, 45 to 60 min, was necessary to
obtain adequate reaction in the livers incubated at
pH 7.6. Control sections incubated in the absence
of diaminobenzidine showed no reaction product.FIGURE 1 Acatalasemic mouse liver. Few microbodies (mb) containing irregular angular nucleoids
(n) are seen in the hepatic parenchymal cells . X 6500.
589FIGURE 2 Acatalasemic mouse liver . The microbodies (mb) are irregular in size and contain a dense
nucleoid or central core (n). An occasional microbody shows continuity with vesicles of smooth endo-
plasmic reticulum (arrow) . X 21,500.
Similarly, when H202 was omitted from, or
3-amino-1,2,4-triazole was added to the incuba-
tion medium, a reaction was not usually en-
countered, except in a few peribiliary dense bodies .
LOCALIZATION IN ACATALASEMIC MICE :
Significant increase in peroxidase-positive or-
ganelles was evident in all hepatocytes of male and
female acatalasemic mice treated with CPIB (Fig .
5) when compared to controls (Fig. 6) . These
structures varied greatly in size and shape, and
varied to a certain extent in the intensity of
peroxidase reaction. Although some of the lyso-
somes displayed a positive peroxidase reaction, the
intensity was of a lesser degree than that noted in
microbodies. This difference was most conspicuous
in unstained sections in which peroxidase-positive
microbodies were prominent.
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DISCUSSION
De Duve and his associates (6, 17), by developing
techniques for mass isolation of subcellular par-
ticles of considerable purity, demonstrated con-
vincingly that the microbodies of hepatocytes con-
tain catalase, uricase, D-amino acid oxidase, and
L-a-hydroxy acid oxidase. Furthermore, Tsukada
et al. (28, 29) isolated nucleoids from rat liver
microbodies and showed that the uricase activity
in them was significantly higher than in other cell
components. It is thus apparent from these and
other studies that the enzymes catalase, D-amino
acid oxidase and L-a-hydroxy acid oxidase appear
to be associated with the soluble matrix of micro-
bodies, while uricase is structurally identified with
the crystalline nucleoid core (1, 11, 14, 24). Func-
tionally, the oxidases are capable of production ofFIGURE 3 Acatalasemic male mouse liver. CP1B 36 days. Numerous microbodies (rub) are evenly dis-
tributed throughout the cytoplasm. Nucleoids (n) are present in many of the microbodies. X 7200.
591FIGURE 4 Acatalasemic female mouse liver. CPIB 36 days. Unlike in female wild type mice, signifi-
cant increase in microbody (mb) population is noted in female acatalasemic mice. X 14,000.
TABLE I
Liver Catalase Activity in Acatalasemic (Cs")
and Wild Type (Cs-) Mice (Males)
Purina Chow for 36 days .
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hydrogen peroxide while catalase is able to reduce
hydrogen peroxide to water by either the peroxi-
datic or the catalatic mechanism (6) . The precise
biological significance of the microbody enzymes is
not clearly understood, however.
Previous studies have demonstrated a significant
increase in number of microbodies and a parallel
rise in catalase activity in male rat liver following
CPIB treatment (25, 26) . In the present studies,
although a marked increase in number of micro-
bodies occurred in the liver cells of acatalasemic
male and female mice within a few days after
administration of CPIB, the increase in microbody
number was not associated with increase in cata-
lase activity. This strain of mice differs markedly
from wild type (Csa) mice from which the acata-
lasemic mutant was developed (Table I) and from
male rats (26), where a parallelism exists between
Units of catalase/
mg of protein
Group*
No. of Mean f
animals standard error
Acatalasemic (Csb) mice
Control 4 14 f 1 .1
CPIB 4 16 ± 2 .1
Wild type (Csa) mice
Control 4 25 t 2 .8
CPIB 4 46 f 7 .9
* CPIB (0.25%) was administered in groundFIGURE 5 Acatalasemic male mouse liver after 18 days of CPIB treatment, incubated for peroxidase
at pH 8 for 30 min. Numerous microbodies (mb) show intense reaction product. Stained with lead. X
25,000.
FIGURE 6 Control acatalasemic mouse liver incubated for peroxidase activity shows few microbodies
(mb) with reaction product. Stained with lead . N, nucleus. X 8500.the microbody population and catalase activity .
Furthermore, the increase in microbody number
in intact female acatalasemic mice is at variance
with the findings in intact female rats, female
C3H mice, (26) and female Csa mice, none of
which respond to CPIB in terms of microbody
proliferation or in catalase activity . Accordingly,
although a relationship between testosterone and
microbody proliferation may exist in rats (27), such
a relationship does not appear to play a role in
acatalasemic mice. It is of interest to recall that
the sex difference in microbody response to CPIB
observed in adult rats was not manifest in embry-
onal and neonatal rat liver (27). The livers of both
male and female fetal rats from CPIB-fed mothers
manifested considerable increase in microbodies,
presumably due to lack of sex hormone influence
prior to puberty.
Peroxidase Activity
Graham and Karnovsky (12) described a cyto-
chemical method for ultrastructural localization of
injected horseradish peroxidase . By using a modifi-
cation of this method, Bainton and Farquhar (3-5)
studied the endogenous peroxidase activity in
eosinophils and in polymorphonuclear leukocytes .
Novikoff and Goldfischer (21) modified this tech-
nique successfully for visualization of hepatic and
renal microbodies by light and electron micros-
copy. Later, Fahimi (8, 9) and Essner (7) used the
method for demonstration of microbodies in the
liver of the adult rat and the fetal mouse .
Although the exact mechanism of diaminoben-
zidine oxidation is not clear, it is attributed to the
peroxidatic reaction of microbody catalase (8)
since this enzyme possesses both peroxidatic and
catalatic function (6). Furthermore, approxi-
mately 80% of hepatic catalase is associated with
the microbody fraction and it constitutes roughly
40% of microbody protein content (6) . These
,findings, coupled with the observation that
3-amino-I ,2,4-triazole abolishes the peroxidase
reaction, strongly support the contention that the
diaminobenzidine oxidation may be related to
microbody catalase in a manner not yet elucidated.
In both sexes of acatalasemic mice treated with
CPIB, a substantial increase in number of peroxi-
dase-positive microbodies was noted when com-
pared to untreated controls. These findings are
interesting because no increase in catalase activity
was detected in male or female acatalasemic mice
given CPIB. If it is assumed that the microbody
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catalase alone is responsible for the peroxidase
reaction (8), the low levels of catalase in livers of
acatalasemic mice might be sufficient to be solely
responsible for the marked peroxidase reaction
noted in innumerable microbodies resulting from
CPIB treatment. Although unlikely, the possibility
exists that the catalase present in preexisting mi-
crobodies may be redistributed in the newly
formed microbodies resulting from CPIB treatment
and thus may be responsible for the peroxidase
reaction observed in these organelles. The differ-
ences in intensity of stained organelles in peroxi-
dase studies may in fact suggest the possibility that
preexisting catalase has been redistributed in the
newly formed microbodies . Since the mechanism
of diaminobenzidine oxidation is not understood,
it is plausible to assume that other factors, in addi-
tion to catalase, may be involved. The presence of
reaction product in an occasional lysosome and
also in the inner membrane and cristae of scattered
mitochondria further supports this view. It is of
interest to note that Novikoff et al . (20) reported
that a nonenzymatic diaminobenzidine oxidation
occurred in the norepinephrine-containing gran-
ules of adrenal medulla cells .
SUMMARY
Administration of CPIB to male and female
acatalasemic mice (Cs"), a mutant strain geneti-
cally deficient in catalase, resulted in rapid and
significant increase in the number of microbodies
in liver cells. The increase in microbody popula-
tion, however, was not associated with any sig-
nificant rise in catalase activity. These findings are
in striking contrast to the findings in wild type
(Csa) mice, from which the acatalasemic mutant
was developed, and to the earlier observations in
rats in which (a) females given CPIB did not
show microbody proliferation and (b) the increase
in microbody number in males was associated with
a parallel elevation in catalase activity. Despite the
absence of increase in catalase activity, ultrastruc-
tural cytochemical studies showed that peroxidase
activity was localized in the hepatic microbodies in
both sexes of acatalasemic mice before and after
CPIB treatment. This finding suggests that pre-
existing levels of catalase might be sufficient for
the cytochemical reaction in numerous micro-
bodies resulting from CPIB treatment and/or that
the catalase may be redistributed in the newly-
formed microbodies.We wish to acknowledge the excellent technical
assistance of Miss Dianne Knox, Mrs . Faye Brady,
Mrs. Lynn Schmutz and Mr. Alfred Tate. CPIB
was supplied by Dr. Jerome Noble, Ayerst Labora-
tories.
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